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Abstract
Updated measurements of the B
0
and B
+
meson lifetimes are presented. From a
data sample of 1.72 million hadronic Z
0
decays recorded during the period 1991 to 1993, a
sample of approximately 1000 semileptonic B meson decays containing a D
0
, D
+
or D
+
has
been isolated. From the distribution of decay times in the dierent samples the lifetimes of
the B
0
and B
+
mesons are determined to be 1:530:120:08 ps and 1:520:140:09 ps,
respectively, where the rst error is statistical and the second systematic. The ratio of
the B
+
to B
0
lifetimes is measured to be 0:99  0:14
+0:05
 0:04
, conrming expectations that
the lifetimes are similar.
(To be submitted to Zeitschrift fur Physik C.)
The OPAL Collaboration
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1 Introduction
The comparison of the lifetimes of dierent species of weakly decaying b hadrons provides a
direct test of the validity of the spectator model. Variations in lifetime due to non-spectator
processes may be expected to occur at the 10% level [1]. Measurements of the average
1
b hadron
lifetimewith data from the LEP experiments [2] are insensitive to such variations. However, the
b hadron lifetimes are required to determine the Cabbibo-Kobayashi-Maskawa matrix element
V
cb
, which governs the b quark coupling to the c quark. Certain methods of determining V
cb
rely on the use of a specic b hadron lifetime [3], so the use of an average lifetime would be
incorrect. It is therefore of interest to measure the lifetimes of the dierent b hadron species.
These can be separated by reconstructing b hadrons in (semi-)exclusive decay modes.
We have previously presented measurements [4] of the B
0
and B
+
meson lifetimes using
data recorded by OPAL in 1991. Other measurements of individual b hadron lifetimes have
been made elsewhere [5, 6, 7, 8].
B
0
and B
+
mesons are tagged using semileptonic decays with a reconstructed charm meson:
B! D
0
`
+
X, B! D
 
`
+
X, B! D
 
`
+
X,
where ` is either an electron or a muon, and X denotes additional particles which include the
neutrino. Charge conjugation is implicitly assumed throughout this paper, and the symbol
D
()
is used to denote either a D or D

meson. These decay modes allow partial separation of
B
+
and B
0
. We reconstruct the individual charm and bottom meson decay vertices in these
decays, and calculate the decay time for each B meson using the measured decay length and
an estimate of the B meson energy. The resulting decay times are used to measure the B
0
and
B
+
meson lifetimes. The results presented in this paper use OPAL data collected during the
period 1991 to 1993, and thus update and replace our previous results [4].
2 The OPAL detector
A complete description of the OPAL detector may be found elsewhere [9, 10, 11]. We de-
scribe briey the features of the detector pertinent to this analysis. Charged particle tracking
is performed by the central detector which consists of a large volume jet chamber, a preci-
sion vertex drift chamber, a silicon microvertex detector and chambers which measure the
z-coordinate
2
of tracks as they leave the jet chamber. Tracks in Z
0
! 
+

 
and Z
0
! e
+
e
 
events, with microvertex information, have an impact parameter resolution in r- of 16 m.
The microvertex detector reconstructs hits with an eciency of 97% within the detector accep-
tance of j cos j< 0:76. The central detector is positioned inside a solenoid giving a uniform
magnetic eld of 0.435 T. The momentum resolution obtained is approximately (
p
xy
=p
xy
)
2
=
(0:02)
2
+(0:0015p
xy
)
2
, where p
xy
is the momentum transverse to the beam direction in GeV. In
addition to tracking charged particles, the jet chamber also provides measurements of ionisation
energy loss dE/dx, which are used for particle identication. The solenoid is surrounded by a
time-of-ight counter array and a lead-glass electromagnetic calorimeter with presampler. The
instrumented return yoke of the magnet lies outside the electromagnetic calorimeter and forms
the hadron calorimeter. This is surrounded by muon chambers.
1
Most of the average b hadron lifetimemeasurements use inclusive semileptonic decays and therefore measure
a mean weighted by relative production rates and semileptonic branching fractions.
2
The OPAL coordinate system is dened by positive z along the electron beam direction, where  and  are
the polar and azimuthal angles respectively.
4
Several simulated data samples have been used in this analysis. These were generated using
the JETSET program [12, 13], passed through a simulation of the OPAL detector [14] and
processed using the same reconstruction software as real data. To obtain larger samples, addi-
tional JETSET events have been processed using a faster simulation of the OPAL detector [14],
which nevertheless describes the tracking detectors very well.
3 Particle identication
Charged pions and kaons are identied using dE/dx information from the jet chamber [11].
The separation between pions and kaons is greater than two standard deviations for tracks of
momentum between 2 and 20 GeV. We consider a particle to be consistent with a specic par-
ticle type if the probability for the measured dE/dx value is greater than 1%. For kaons, if the
measured dE/dx lies between the expected kaon and pion values, we tighten this requirement
to 3%.
The electron identication procedure used is similar to that described elsewhere [15] and
uses dE=dx information from the jet chamber and the quantity E
cone
=p, where E
cone
is the
energy deposited in the electromagnetic calorimeter in a cone around the extrapolated position
of the central detector track of momentum p. Electron candidates are selected by requiring
the measured dE=dx and E
cone
=p to be not more than 2 below the expected values for an
electron. Candidates which are identied as photon conversions are rejected [16]. In addition the
momentumof the electron must be greater than 2.0 GeV. The electron identication eciency is
about 80% in the kinematic range relevant to this analysis, for candidates within the acceptance
j cos  j< 0:72.
Muons are identied [16] by associating central detector tracks with track segments in
the muon chambers. Loose requirements on dE=dx are made to reject kaons and protons.
The momentum of the muon candidate must be greater than 2.0 GeV. The average muon
identication eciency is approximately 75% for candidates within the acceptance j cos  j< 0:9.
4 Event selection
This analysis is based on data recorded in 1991, 1992 and 1993 from e
+
e
 
annihilations at
centre of mass energies between 88.5 and 93.8 GeV. The selection criteria for hadronic Z
0
decays are described in a previous publication [17] and have an eciency of (98:4  0:4)%.
After data quality and detector performance requirements, the available data sample consists
of 1.72 million events.
4.1 Reconstruction of B! D`
+
X and B! D

`
+
X decays
The selection criteria use both kinematic and vertex information from the decays, and remain
similar to those used for our previous measurements [4]. Table 1 summarises the criteria for
the four dierent decay modes.
D
0
and D
 
mesons are selected by combining kaon and pion candidate tracks. In D
0
!
K
+

 
and D
 
! K
+

 

 
decays kaon candidates are required to have less than 5% probability
of consistency with a pion hypothesis, to reduce the misidentication background. Pion candi-
dates must have a momentum greater than 0.15 GeV. Kaon candidates must have a momentum
exceeding 2.0 GeV, with the exception of candidates from the decay D
 
 ! D
0

 
;D
0
 !
5
Decay mode p
K
p

E
D
j cos 

j m
D
()
`
E
D
()
`
l
D
=
l
(GeV) (GeV) (GeV) (GeV) (GeV)
D
 
! K
+

 

 
> 2 > 0:15 > 7 < 0:7 > 3:0 > 13:5 > 0
D
0
! K
+

 
> 2 > 0:15 > 6 < 0:7 > 3:0 > 13:5 >  1
D
 
! D
0

 
,
,! K
+

 
> 0:15 > 0:15 > 5 - > 2:8 > 9:0 -
D
 
! D
0

 
,
,! K
+

 

+

 
> 2 > 0:15 > 6 - > 3:0 > 13:5 -
Table 1: Decay mode dependent selection criteria.
K
+

 
where the minimummomentum is reduced to 0.15 GeV because of the lower background
within the sample.
D meson candidates must have an energy (E
D
) greater than 5{7 GeV, depending on the
decay mode. For some decay modes we also cut on cos 

, where 

is the angle between the
K
+
and the D boost direction in the D rest frame.
D
 
candidates are selected by combining a 
 
with a D
0
candidate. The dierence in mass
between the D
 
and D
0
candidate must lie between 0.142{0.148 GeV. To ensure statistical
independence and to obtain better separation of B
+
and B
0
mesons D
0
! K
+

 
candidates are
rejected if a D
 
! D
0

 
candidate exists with a mass dierence smaller than 0.16 GeV. This
cut is also applied to both (K
+

 
)
 
combinations for the D
 
candidates in order to reject
D
 
mesons.
All combinations of leptons and D or D

candidates within an event are considered as
possible B candidates. To suppress random combinations the mass (m
D
()
`
) and energy (E
D
()
`
)
of the candidates must satisfy the minimum criteria shown in table 1. In addition all candidates
must have m
D
()
`
< 5:35 GeV.
The lepton track and at least two of the D decay tracks must be associated with at least one
hit in the microvertex detector to ensure that vertex reconstruction is dominated by tracks with
microvertex detector information. The association of microvertex hits to tracks found in the
other central tracking detectors requires that the probability associated with the 
2
be greater
than 0.1% for all matches. Using a simulation of the OPAL detector [14] we nd that particles
leaving two (one) hits in the microvertex detector and resulting in a reconstructed track in the
central detector have these hits correctly associated 96% (93%) of the time and are matched
with one or more incorrect hits 2% (5%) of the time.
To reconstruct the B and D decay vertices the 
2
of a vertex t is minimised with respect to
(x
B
; y
B
; l
D
; 
i=1
: : : 
i=n
; 
i=1
: : : 
i=n
) for a total of n tracks, where (x
B
; y
B
) are the coordinates
of the B decay vertex, l
D
is the decay length of the D meson and 
i
and 
i
are the curvature
and angle of the i
th
track at the relevant decay vertex. The direction of ight of the D meson
is xed to correspond to its momentum vector in the t. We demand that the probability for
6
the vertex t is greater than 1% in order to suppress random track combinations and badly
reconstructed vertices. This requirement is tightened to 10% for the decay D
 
 ! K
+

 

 
to
reduce combinatorial background.
The B meson decay length is calculated in the r- plane using the reconstructed D
()
`
+
vertex position and the average e
+
e
 
interaction point [18]. It is signed according to the cosine
of the angle between the vector separating (x
B
; y
B
) from the average interaction point and the
D
()
`
+
momentum vector. To convert the decay length into three dimensions we estimate sin 
for the B meson from the D
()
`
+
momentum vector. The B mesons have typical decay lengths
of 3 mm which are reconstructed with a resolution of about 300 m. We require that the error
on the B decay length is less than 5 mm to reject a small fraction of poorly measured decays.
The D
0
(D
 
) mesons have typical decay lengths of 1 mm (2.5 mm) with a typical decay length
resolution of about 800 m. As the reconstructed D decay length (l
D
) is independent of the B
decay length, and lifetime, it can be used to reject background. We require jl
D
j < 1 cm for all
decay modes. For the inclusive D
0
(D
 
) samples an additional cut on decay length signicance
is imposed (l
D
=
l
>  1 (0)), where 
l
is the calculated error on l
D
.
4.2 Fitting the mass distributions
The resulting mass distributions for the four dierent decay modes are shown in gure 1. A
clear signal is visible in each case. The two K
+

 
mass distributions (gures 1b and 1c)
also show a satellite peak around 1:6 GeV, which is expected from partially reconstructed
decays, particularly D
0
! K
+

 
; 
 
! 
 

0
, in which the 
0
is not reconstructed. A similar
enhancement is expected in the K
+

 

 
mass distribution (gure 1a). In the D
 
! D
0

 
decay channel (gure 1c), the identication of a transition pion candidate ensures that the
events contributing to this satellite peak originate almost entirely from D
 
decays. We are
therefore able to use the events present in this satellite peak to provide additional statistics.
The signal and background in each channel are determined by tting the mass distributions
to a sum of Gaussians (to describe the signal and satellite peaks), and a second order polynomial
background term. The resulting numbers of signal events for each channel are listed in table 2.
The masses and widths of the Gaussians are allowed to vary in the t, and the tted values are
consistent with those determined using a simulation of the corresponding processes in the OPAL
detector [14]. Alternative parametrisations of both signal and background have been studied
and produce little dierence to the tted number of background subtracted signal events.
4.3 Sources of background
B mesons which decay to D
()
`
+
through other incompletely reconstructed decay channels
contribute to the background. Decays of the B
s
to nal states containing a D
()
`
+
combination,
e.g. B
s
! D
s1
(2536)
 
`
+
, D
s1
(2536)
 
! D
 
K
0
, are expected to form (21)% [19] of the
event sample. These events are expected to have a small eect on the tted lifetime unless
the lifetime of the B
s
diers signicantly from those of the B
0
and B
+
. Measurements of
the B
s
lifetime [6] indicate that it is close to the average b hadron lifetime. Although there
are indications that the b baryon lifetime is lower [7] than the B
0
and B
+
lifetimes, it is not
expected that b baryons will decay into D
()
`
+
nal states. Combinations of D
()
`
+
may also
result from B meson decays of the type B ! D
()+
s
D
()
;D
()+
s
! `
+
X, or B! D
()

+
X where
the 
+
decays to either an electron or a muon. Using B(B ! D
()+
s
D
()
) = 5:0  0:9% [8] and
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Figure 1: Mass distributions for; (a) K
+

 

 
combinations for events containing an `
+
; (b)
K
+

 
combinations for events containing an `
+
; (c) K
+

 
combinations for events containing
an `
+
; (d) K
+

 

+

 
combinations for events containing an `
+
. Both (c) and (d) demand an
additional pion for D
 
identication. The curves shown are the results of ts using Gaussians
plus polynomial background functions. The indicated signal regions are within 3 of the
tted D mass.
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Decay mode Signal
D
 
! K
+

 

 
170  20
D
0
! K
+

 
292  23
D
 
! D
0

 
, D
0
! K
+

 
198  17
D
 
! D
0

 
, D
0
! K
+

 
X 174  20
D
 
! D
0

 
, D
0
! K
+

 

+

 
155  17
Table 2: Number of background subtracted events for each decay mode.
B(B ! 
+
X) = 3:3 0:8% [20], we estimate that 0.6{1.5% of the D
()
`
+
event sample arises
from the former source, and 1.0-1.6% from the latter. The eect of these events is examined as
a source of systematic error (section 7).
The `wrong sign' D
()
`
 
combinations provide a direct measure of the possible background
of D mesons combined with fake leptons. No signals are observed in the D
()
`
 
combinations.
We therefore conclude that the possible background from this source can be neglected.
5 Determination of the D
()
`
+
sample compositions
The B
0
and B
+
lifetimes can be determined once the probability of obtaining a B
0
(or B
+
)
meson for each event sample is known. In order to calculate this the relative amounts of B
0
and B
+
mesons decaying in each of the D
()
`
+
decay modes must rst be found.
The dierent samples of D
()
`
+
events contain dierent fractions of B
0
and B
+
decays, due
to the semileptonic decays of B
0
and B
+
mesons to pseudo-scalar, vector and P-wave charmed
mesons. We use the symbol D

to represent P-wave charmed mesons, possible non-resonant
decays of the type B ! D(n)`
+
X, and orbital and radial excitations. States containing D
 
`
+
and D
 
`
+
would originate from B
0
in the absence of D

production, as D
0
decays cannot
produce D
 
. B
+
can only decay to these states via D

. Consequently the relative fraction of
B
0
and B
+
mesons in the dierent D
()
`
+
samples depends on the relative production rate of
the B mesons, their lifetimes (
0
and 
+
), the fractions (f
0
, f

and f

) of semileptonic decays
resulting in a D, D

or D

and the decay modes of the dierent D

and D

mesons.
We assume that the production rates of the B
0
and B
+
mesons in Z
0
decays are equal. This is
expected because of isospin symmetry and the small mass dierence between the states [8]. The
sample compositions are found from the semileptonic branching ratios for B
0
or B
+
decaying
to charm mesons. As the branching ratios can be expressed as the ratio of the partial to the
total widths for B decay, and the total width is inversely proportional to lifetime, the sample
compositions depend on the relative lifetimes. We assume that the partial widths for B
0
and
B
+
decay are the same.
We assume that the D

decays are dominated by the modes D

! D
()
 and use isospin
9
conservation to determine the relative fraction of the decays yielding charged and neutral D
()
mesons:
B(D
+
! D
()0

+
) = 2B(D
+
! D
()+

0
); (1)
B(D
0
! D
()+

 
) = 2B(D
0
! D
()0

0
):
We also parametrise the uncertainty in the relative production rates of pseudo-scalar and
vector mesons in D

decay by the quantity p
v
:
p
v
=
B(D

! D

X)
B(D

! D

X) +B(D

! DX)
: (2)
We combine the predictions of the relative production rates from [21] with predictions [22] and
measurements [8] of the branching ratios to obtain p
v
= 0:54. A large variation of 0:3 is
assigned to allow for all reasonable variations in the decay modelling. This value is consistent
with the ARGUS [23] and LEP [19, 24] data which suggest that a signicant fraction of the
D

states are the J
P
= 1
+
and 2
+
states D
1
(2420) and D

2
(2460), respectively.
With these assumptions the relative fractions (R) of B
0
and B
+
mesons in the dierent
D
()
`
+
samples may be expressed as:
R
0
@
B
0
! D
0
`
+
X
B
+
! D
0
`
+
X
1
A
=

0

+
 
(1   

)b
0
f

+
2
3
f

+
1
3
(1  

)b
0
p
v
f

f
0
+ f

+
1
3
f

+
2
3
(1  

)b
0
p
v
f

!
;
R
 
B
0
! D
 
`
+
X
B
+
! D
 
`
+
X
!
=

0

+
 
f
0
+ (1  b
0
)f

+
1
3
(1  p
v
)f

+
1
3
(1  b
0
)p
v
f

2
3
(1  b
0
)p
v
f

+
2
3
(1  p
v
)f

!
; (3)
R
 
B
0
! D
 
`
+
X
B
+
! D
 
`
+
X
!
=

0

+
 
f

+
1
3
p
v
f

2
3
p
v
f

!
:
Here b
0
is the branching ratio B(D
+
! D
0

+
), and 

is the eciency for removing a D
+
from the D
0
sample. We use the recent CLEO [25] measurement of b
0
= 0:68  0:02 and from
our simulation determine 

to be 0:96  0:04.
In order to determine f
0
, f

and f

we use measurements of the inclusive and exclusive
semileptonic branching ratios of the B
0
or B
+
determined at the (4S) centre-of-mass energy.
The average exclusive branching ratios [8] for B decays to D`
+
 and D

`
+
 are consistent for the
B
0
and B
+
. We therefore average over charged and neutral states and combine these numbers
with the CLEO [26] measurement of f

= 0:36  0:12 to obtain:
f
0
=
B(B! D`
+
)
B(B! D`
+
) +B(B! D

`
+
)
(1  f

) = 0:18;
f

=
B(B! D

`
+
)
B(B! D`
+
) +B(B! D

`
+
)
(1  f

) = 0:46:
We also calculate the reconstruction eciencies for B ! D

`
+
 decays and B ! D

`
+

decays relative to B ! D`
+
 from our simulation. We nd these to be in the range 0.93{0.96
for the former case, and between 0.80{0.93 for the latter, and include these in the calculation.
Assuming that the B
0
and B
+
lifetimes are equal, we nd that B
0
mesons form 72% of the
D
 
`
+
, 25% of the D
0
`
+
and 79% of the D
 
`
+
event samples.
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6 Lifetime tting
In order to estimate a decay time for these events we rst develop a method to reconstruct the
B meson energy. We then t the resulting decay time distributions using a maximum likelihood
method to extract the lifetimes of the dierent D
()
`
+
 event samples. Finally, in section 6.3,
we extend the method to t for the B
0
and B
+
meson lifetimes.
6.1 Energy reconstruction
In the semileptonic decay B ! D
()
`
+
, the energy reconstructed (E
D
()
`
) from the B decay
products is lower than the parent energy (E
B
) because of the undetected neutrino. Applying
two body decay kinematics, the observable E
D
()
`
is given in the laboratory frame by
E
D
()
`
=
E
B
2m
2
B
fm
2
B
+m
2
D
()
`
+ 
B
(m
2
B
 m
2
D
()
`
) cos 

B
g (4)
where 

B
is the angle of the D
()
`
+
ight direction to the boost vector in the B rest frame, and

B
is (
q
E
2
B
 m
2
B
)=E
B
.
Given values of E
D
()
`
can arise from a range of E
B
as cos 

B
varies. The distribution in
cos 

B
is at (because the B meson is a pseudoscalar particle), and the probability of each E
B
is governed by the underlying fragmentation function.
We dene the probability function P(E
B
j E
D
()
`
;m
D
()
`
) as the probability of obtaining each
possible E
B
, given the experimental inputs E
D
()
`
and m
D
()
`
. Using Bayes' theorem [27], we
express this in the form;
P(E
B
j E
D
()
`
;m
D
()
`
) =
P(E
D
()
`
j E
B
;m
D
()
`
)P(E
B
)
Z
E
max
E
min
P(E
D
()
`
j E;m
D
()
`
)P(E)dE
(5)
where P(E
D
()
`
j E
B
;m
D
()
`
) follows from equation 4, and P(E
B
) is an estimate of the b frag-
mentation spectrum. We use a Peterson fragmentation function [28] with  = 0:055 as an
estimate of the b fragmentation function in equation 5, although the result is only weakly de-
pendent on this choice. E
min
and E
max
are the minimum and maximumE
B
(equal to the lowest
kinematic cut for E
D
()
`
and the beam energy respectively) used in the calculation. In this way
only physical energies are considered. Note that as E
B
is independent of m
D
()
`
, no probability
distributions for m
D
()
`
appear in equation 5.
Figure 2 shows the agreement obtained between the true B energies and the output of the
method on a sample of approximately 7 000 fast simulation events [14] for the decay mode
B  ! D
0
`
+
;D
0
 ! K
+

 
.
6.2 Fitting for the average lifetime
We use an unbinned maximum likelihood t to extract the B meson lifetimes from data. The
lifetime t uses events which lie within 3 of the tted D mass for each decay mode. This
requirement is tightened to 2 for events from the sample D
 
! (K
+

 
X)
 
, in order to
minimise background in this channel and avoid overlap with events from the fully reconstructed
D
 
! (K
+

 
)
 
sample.
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Figure 2: Output of the probabilistic energy correction scheme for simulated B  !
D
0
`
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;D
0
 ! K
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 
decays. The points are the true parent B energy and the solid histogram
the output from the method.
The likelihood function for the background decay times, L
back
, is parameterised using a
function of the form
L
back
(l; c
1
; c
2
; c
3
; c
4
; c
5
) = c
1
 c
2
 E(l;
l
; c
3
) + c
1
 (1  c
2
)  E(l;
l
; c
5
) + (1  c
1
)  G(l; c
4
 
l
) (6)
where
E(l;
l
; ) = N
Z
E
max
E
min
P(E j E
D
()
`
;m
D
()
`
)
"
Z
+1
0
1
E
e
 (l
0
m
B
)=(cE)
e
 0:5(
l l
0

l
)
2
dl
0
#
dE
and
G(l;
l
) = N
0
Z
E
max
E
min
P(E j E
D
()
`
;m
D
()
`
)[e
 0:5(
l

l
)
2
]dE
Here P(E j E
D
()
`
;m
D
()
`
) is the associated probability for the value of E in the integrand.
G(l;
l
) denotes a Gaussian of width 
l
centred at zero, and E(l;
l
; ) an exponential of mean
 convolved with a Gaussian of width 
l
and mean zero. The quantity 
l
is the decay length
error for each event, and  = (
q
E
2
 m
2
B
)=E for each value of E in the integrand. N and N
0
are normalising factors such that the integrated probability over all decay lengths is 1.
The positive and negative going exponential terms in L
back
are intended to describe the
fraction of background arising from b events and which have residual lifetime. Background
arising from u,d,s and c events is parametrised by a Gaussian of variable width. The parameters
c
1
, c
2
, c
3
, c
4
and c
5
are determined separately for each of the decay modes. Typical values for
c
3
, for example, vary between 1.0 and 2.5 ps, whereas c
5
varies between 0.0 and 2.2 ps.
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Decay mode Fit result (ps)
D
 
! K
+

 

 
1:30
+0:15
 0:14
D
0
! K
+

 
1:53
+0:12
 0:11
D
 
! D
0

 
, D
0
! K
+

 
1:65
+0:16
 0:14
D
 
! D
0

 
, D
0
! K
+

 
X 1:81
+0:24
 0:27
D
 
! D
0

 
, D
0
! K
+

 

+

 
1:46
+0:18
 0:17
Combined sample 1:53  0:07
Table 3: Lifetime t results for the dierent D
()
`
+
samples. Errors are statistical only.
The signal likelihood function, L
sig
, is given by
L
sig
(l;  ) = E(l;
l
;  ) (7)
where  is the tted mean lifetime. We t both signal and background simultaneously using a
likelihood function of the form
L(l; ; c
1
; c
2
; c
3
; c
4
; c
5
) =
Y
i
(f
i
 L
sig
(l;  ) + (1  f
i
)  L
back
(l; c
1
; c
2
; c
3
; c
4
; c
5
)) (8)
where f
i
is the probability that a particular event i is signal. This is determined using the
measured D mass for each event and the t results to the mass region outlined in section 4.
Table 3 lists the tted lifetimes found for each decay channel with their statistical errors,
together with the average lifetime of the combined sample. The results are consistent with this
average and show a reasonable spread. The ts themselves are illustrated in gure 3.
6.3 Fitting the B
0
and B
+
lifetimes
The B
0
and B
+
compositions of the D
()
`
+
event samples have been determined in section 5.
We now use the combined sample of D
()
`
+
events to t 
0
and 
+
, as well as directly tting the
lifetime ratio 
+
=
0
. The likelihood function (L) given in equation 8 is modied to include two
signal terms of dierent lifetimes. The relative weight of both is determined by the assigned
probability of a particular event being B
0
or B
+
.
As neutral decay particles such as  or 
0
are not reconstructed in D

and some D

decays,
the energy (and thus lifetime) estimate is low. Lifetime bias correction factors (ranging between
-0.6% and 2.3%) are calculated from our simulation and applied to B
0
and B
+
separately within
the t for each decay mode, as the probability of D, D

and D

production varies with the
decay channel under consideration.
The t results and statistical errors are:

0
= 1:53 0:12 ps;
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Figure 3: Decay length distributions for; a) D
 
! K
+

 

 
events; b) D
0
! K
+

 
events;
c) D
 
! D
0

 
, D
0
! K
+

 
events; d) D
 
! D
0

 
, D
0
! K
+

 
X events; e) D
 
! D
0

 
,
D
0
! K
+

 

+

 
events; f) all modes together within a region 3 from the tted D mass. In
all cases the points are the measured decay lengths for the events used in the t. The dashed
curve represents the contribution to the t due to signal, and the dotted curve that due to
background. The solid curve illustrates the combined t result to signal and background.
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Measurement 2 region 3 region 4 region

0
1:59  0:12 ps 1:53  0:12 ps 1:56 0:12 ps

+
1:59  0:15 ps 1:52  0:14 ps 1:58 0:14 ps

+
=
0
1:00 0:14 0:99  0:14 1:01  0:14
h i 1:59  0:07 ps 1:53  0:07 ps 1:56 0:07 ps
Table 4: Lifetime t results for the dierent t regions tested. The errors quoted are statistical.

+
= 1:52 0:14 ps;

+
=
0
= 0:99 0:14:
7 Systematic uncertainties
The systematic uncertainties in the tting procedure arise from four sources: the treatment
of the background; the tting method; detector eects; and the uncertainty in the B
0
and B
+
content of each event sample. These are summarised in table 5.
7.1 The background
The treatment of the background contains three sources of systematic error. The rst is due
to the estimated shape of the decay time distribution. Dierent parametrisations of this dis-
tribution have been tested. Signal terms (equation 7) of xed B
0
, B
+
or B
s
lifetime [8] have
also been added to the background likelihood to investigate the eects on the tted lifetimes of
the expected number of background events listed in section 4. The largest deviation noted in
both tests was taken as the systematic error. Another source of error arises from the statistical
precision of the t to the D mass distributions, which gives an error on the signal probability
in the lifetime t. This error was determined by taking 100 sets of mass t coecients that are
normally distributed (according to both errors and correlations) about their nominal values.
The standard deviations obtained by varying the signal probabilities for each channel in turn
and retting the lifetimes were added in quadrature to give the systematic error. A nal source
of error arises from the t region used to determine the lifetimes. We quote an error equal to
the largest deviation observed when repeating the analysis using events from 2 and 4 of
the tted D mass (see table 4). It should be noted that the lifetime ratio remains constant and
that 
0
and 
+
are statistically consistent.
7.2 The tting method
The tting method also contains three sources of systematic error. The rst is due to our esti-
mate of P(E
B
). We vary , the Peterson fragmentation function parameter, between the limits
0.0025 and 0.0095 [29] and redetermine the lifetimes at these values. The dierence between
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the retted and standard lifetimes is taken as the systematic error. Other estimates, including
a at function, have been applied to simulated event samples as an additional check. The
largest deviation observed (0.6%) is smaller than the systematic error quoted. The experimen-
tal inputs E
D
()
`
and m
D
()
`
contain two further sources of error due to nite detector resolution
and D

production, where neutral decay products such as  or 
0
are not reconstructed. A
correction factor for the bias introduced by this latter source (1:3  1:2%) and errors for both
were calculated using our simulation. The latter eect is included within the t.
7.3 Detector eects
We have considered the inuence of detector eects on the tted lifetimes. The decay length
and therefore the lifetime of each B candidate will be aected by any misalignment of the silicon
detector. In our previous study [4] we found that coherent radial shifts of 50m corresponded
to a decay length uncertainty of 35 m, which translates to an error on the lifetime of 0.02 ps.
Movements of the interaction point of 25m in x- and y-directions have been studied using
simulated events, and the eect on the lifetimes noted. The decay length error 
l
has also
been varied by 20% to cover both charged track extrapolation and silicon hit resolution
uncertainties in order to determine this source of systematic error.
We have also studied the eect on the t of multiplying the decay length errors by a scale
factor. To avoid correlation between this scale factor and the background coecients the
lifetime ts were performed in two stages. The background coecients in each decay mode
sample were rst tted using events from a higher mass sideband region (2.0 to 2.2 GeV). The
form of the background likelihood was then xed with these coecients, and events from the
t region tted to determine the average lifetime and the scale factor. The scale factor was
found to be 1:04  0:11, indicating that the tracking errors are well understood.
7.4 The B
0
and B
+
content of each sample
The last source of systematic errors is from an uncertainty in sample composition. To evaluate
this we allow the dominant uncertainties (due to p
v
and f

) to vary by . As the probability
calculation is proportional to the ratio of lifetimes 
+
=
0
, we ret the lifetimes where the
probabilities are calculated at values of 
+
=
0
. The deviation between these retted lifetimes
and the standard values are taken as the systematic error due to this source.
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Source 
0

+

+
=
0
h i
Background decay time shape 0:01 0:02 0:02 0:01
Signal probability 0:02 0:02 0:02 0:01
Fit region 0:06 0:07 0:02 0:06
p(E
B
) estimator
+0:01
 0:02
+0:01
 0:02
-
+0:01
 0:02
E
D
()
`
, m
D
()
`
resolution 0:01 0:01 - 0:01
Incomplete reconstruction 0:02 0:02 - 0:02
Microvertex alignment 0:02 0:02 - 0:02
Interaction point 0:01 0:01 - 0:01

l
+0:02
 0:03
0:02 - 0:02
Probability inputs
+0:02
 0:01
+0:02
 0:03
+0:03
 0:02
-

+
=
0
  0:01 0:01 0:01 -
Total 0:08 0:09
+0:05
 0:04
0:07
Table 5: Summary of systematic errors for each measurement. All values other than those for
the ratio are in picoseconds. Errors are combined in quadrature.
8 Conclusions
We have used a sample of approximately 1000 B ! D`
+
X and B ! D

`
+
X events to measure
the B
0
and B
+
meson lifetimes directly, with the results;

0
= 1:53  0:12  0:08 ps;

+
= 1:52  0:14  0:09 ps;

+
=
0
= 0:99  0:14
+0:05
 0:04
These results support expectations that the lifetimes are similar. The average B lifetime for
the mixture of B mesons in this event sample is h i = 1:530:070:07 ps. These measurements
supersede our previous results [4], which were obtained using a subset of this data sample.
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